Abstract. Cervical cancer is one of the most common cancers in women worldwide and persistent infection with human papilloma virus (HPV)s is considered to be the major risk factor. Millions of women are currently infected with high risk genotypes. Therefore, it is imperative to develop therapeutic vaccines to eliminate established infection or HPV-related disease. In the current study, we generated two potential therapeutic HPV DNA vaccines, SigmE7/MtHSP70 and SigmE7/HuHSP70, using human and mycobacterium tuberculosis HSP70 linked, respectively, to HPV16 mE7 and the signal peptide gene of human CD33. Our comparative evaluation of these two vaccines found that vaccination with the SigmE7/HuHSP70 DNA vaccine induced a stronger E7-specific CD8 + T cell immune response and resulted in a more significant therapeutic effect against E7 expressing tumor cells. Our study may serve as an important foundation and significant reference for future clinical applications.
Introduction
Cervical cancer is the second leading cause of cancer-related deaths among women worldwide. Approximately 500,000 women develop the disease and 270,000 women, of whom 80% are in developing countries, die of their disease annually.
Viral molecular epidemiology studies indicated that development of cervical cancer is associated with persistent infection of high risk human papilloma virus (HPV). A total of 15 genotypes of high risk HPV have been discovered (1) , of which HPV16 is the most common high risk type, accounting for more than half (53.5%) of all cervical cancers (2) . In some areas, rates of positive HPV16 infection in cervical cancer could reach up to 79.6% (3) . Since development of cervical cancer is closely associated with persistent virus infection, we can anticipate prevention or elimination of cervical cancer through induction of effective specific immune responses to the virus. Although the newly licensed preventive HPV vaccines (Gardasil and Cervarix), have both a remarkable safety profile and clinical efficacy against the HPV genotypes from which they were derived (4,5), they are not effective in the elimination of pre-existing infection and HPV-related disease. The choice of target antigen is extremely important for designing therapeutic vaccines. Since the HPV-encoded E7 is highly expressed and essential for viral transformation in cancer cells and severe atypical hyperplasia cells, it has become an attractive target for the development of HPV therapeutic vaccines (6, 7) .
DNA vaccines generate effective cytotoxic T lymphocyte (CTL) and antibody responses by involvement of antigen presenting cells (APC) that stimulate CD4 + and CD8 + T cells. DNA vaccines can be easily prepared on a large scale with high purity and stability (8, 9) and can also be repeatedly given to the same patient safely and effectively. These features make DNA vaccines a potentially attractive approach for HPV therapeutic vaccine development. While early DNA vaccines were weakly immunogenic, researchers are currently emphasizing the use of versatile immunostimulatory molecules in the newer therapeutic DNA vaccines. HSP70 is one member of the heat shock protein family that has been shown to act as a potent adjuvant to enhance antigen-specific tumor immunity and innate immunity. The use of HSP70 in the context of DNA vaccines represents a promising approach for enhancing antigen-specific T cell-mediated immune responses as well as humoral responses for DNA vaccine development. Immunological functions of HSP70 can be categorized into three major areas; i) Chaperoning properties. HSP70 can bind to tumor antigen peptides and enter the antigen processing and presentation pathway (10, 11) . ii) Cross-priming abilities. Through binding to endocytic receptors on APC, HSP70 can participate in the MHC-I pathway and facilitate cross-presentation of associated antigens and induction of antigen-specific CTL responses (12) . Several endocytic receptors, such as CD91 and LOX1 have been identified to be involved in HSP70-mediated crosspriming (13) . iii) Pro-inflammatory activities. HSP70 can induce activation and maturation of dendritic cells (DC) by binding to the receptors of CD40, TLR-2, TLR-4 on the DC; subsequent activities are characterized by up-regulation of MHC class II, CD86 and CD83 expression, and secretion of pro-inflammatory cytokines, such as IL-1ß, IL-6 and IFN-· (14) . Thus, HSP70 not only activates specific immunity but also innate immunity. The addition of a signal peptide to HSP70 may prompt the release of HSP70 out of cells and further enhance the antigen cross-priming ability of APC and specific CD8 + T cell response (15, 16) . Immunogenicity and safety are two key factors that should be considered and balanced when developing an effective vaccine. Many studies of DNA vaccines employ the mycobacterium tuberculosis derived HSP70 (MtHSP70) because it provides a strong 'danger signal' in the form of specific microbial epitopes to stimulate an immune response. Although MtHSP70 in the DNA vaccine formulation is effective as an adjuvant, the host response against the microbial epitopes may be harmful. For example, studies in mice suggested that MtHSP70 may induce autoimmune-mediated intestine inflammation (17) (18) (19) . Although HSP70 from different species all show relatively strong immuno-stimulating activities in the present literature, no other study has been reported to our knowledge that compares the effectiveness of DNA vaccines containing HSP70 derived from mycobacterium tuberculosis and humans. Such a comparative study could provide useful information for choosing a safe and appropriate vaccine for human use.
In a previous study from our lab, we deleted the transformation activity and enhanced the immunogenicity of the HPV16 mE7 gene with a combination of gene shuffling, sitedirected mutagenesis and codon optimization methods. In order to further strengthen the immunogenicity of HPV16 therapeutic DNA vaccines based on mE7, here we constructed and compared the immune enhancing activities of the SigmE7/MtHSP70 DNA vaccine and SigmE7/HuHSP70 DNA vaccine with signal peptide gene of human CD33.
Materials and methods
Plasmid DNA constructs and preparation. SigmE7 containing SigCD33 and mE7 gene was amplified by overlap PCR with the primers 5'-CGAGTCGTGCGGCCGCCACCATGCCGC TGCTGCTACTGCTGCCCCTGCTGTGGGCAG-3' (P1) (NotI site underlined), 5'-CTG CCCCTGCTGTGGGCAGG GGCCCTGGCTATGATGGATCTGCTCATGGGCAC-3' (P2) and 5'-GCTCTAGAGCGGTAGTCTCGGGCTGCAG-3' (P3) (XbaI underlined). A DNA fragment encoding HuHSP70 was obtained from pMSHsp70, a gift from Dr Morimoto of Northwestern University (Evanston, IL, USA) with the primers 5'-GCTCTAGACATGGCCAAAGCCGCGGCG ATC-3' (XbaI underlined) and 5'-CGGGATCCCTAATCTA CCTCCTCAATGGTG-3' (BamHI underlined). We digested SigmE7 with NotI and XbaI and ligated it to NotI/XbaIdigested pVR1012 to generate pVR1012-SigmE7. To generate pVR1012-SigmE7/MtHSP70, MtHSP70 digested with XbaI and BamHI from pVR1012-mE7/MtHSP70 (constructed by our lab) was ligated into XbaI/BamHI-digested pVR1012-SigmE7. To obtain pVR1012-SigmE7/HuHSP70, HuHSP70 digested with XbaI and BamHI was ligated into XbaI/BamHIdigested pVR1012-SigmE7/MtHSP70. The integrity of the DNA plasmids from each preparation were verified by electrophoresis on a 1% agarose gel. DNA concentrations were determined by absorbance measured at 260 nm. All constructs were validated by restriction enzyme digestion and DNA sequencing.
Mice and tumor cell line. Six-to eight-week-old female C57BL/6 mice were purchased from the Institute of Zoology Chinese Academy Sciences and were maintained in the animal facility of the Institute of Laboratory Animal Sciences, Chinese Academy of Medical Sciences and Peking Union Medical College. All animal procedures were performed according to approved protocols and in accordance with recommendations for the proper use and care of laboratory animals.
TC-1 cells were generated by co-transfection of primary pulmonary epithelial cells from C57BL/6 mice with HPV16 E6 and E7 and activated c-Ha-ras oncogenes. The cells were grown in RPMI-1640 supplemented with 10% (v/v) fetal bovine serum, 50 U/ml penicillin/streptomycin, 2 mM L-glutamine, 1 mM sodium pyruvate, 2 mM non-essential amino acids and 0.4 mg/ml G418 at 37˚C with 5% CO 2 .
Transfections and Western blot analysis. COS-7 cells were grown to ~70% confluence in 6-well plates and transfected with 1 μg plasmid DNA using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA). Supernatants were collected 48 h later and cells were lysed in 50 mM Tris HCl, 150 mM NaCl, 1 mM EDTA, 1% NP40 and protease inhibitors. Protein concentration was determined using BCA™ protein assay kit (Pierce Inc., Rockford, IL, USA). Cell lysates (200 μg of total protein) and supernatants (200 μl) were denatured by heating at 100˚C for 5 min, loaded on a 10% SDS-PAGE gel, separated under reducing conditions and transferred to a polyvinylidene difluoride membrane (NEN Life Science, Boston, MA, USA) according to the manufacturer's instructions. Filters were blocked overnight with 4% BSA and incubated with polyclonal rabbit anti-human HPV16 E7 antibody (1:2,000; a gift from F.C. Zhang, Xinjiang University, Xinjiang, China) followed by horseradish peroxidase-conjugated goat anti-rabbit IgG Ab (1:10,000; Zhongshan Goldenbridge Biotechnology, Beijing, China). Blots were developed by incubation in enhanced chemiluminescence reagent (ECL kit; Pierce Inc., Rockford, IL, USA) and exposed to film. ELISPOT assay. BD ELISPOT Plates (BD PharMingen, San Diego, CA, USA) were coated with 5 μg/ml rat anti-mouse IFN-Á antibody in 100 μl of PBS. After overnight incubation at 4˚C, the wells were washed and blocked with RPMI-1640 culture medium containing 10% fetal bovine serum. Different concentrations of freshly isolated spleen cells from each vaccinated mice group, from 1x10 6 to 1.25x10 5 /well, were added to the wells along with 50 IU/ml IL-2 and 1 μg/ml E7-specific MHC class I CTL epitope (H-2D b , amino acids 49-57, RAHYNIVTF). After culture at 37˚C for 24 h, the plate was washed and then followed by incubation with 2.5 μg/ml biotinylated IFN-Á antibody in 100 μl in PBS containing 10% FCS at 4˚C overnight. After washing, avidin-HRP in 100 μl of PBS was added and incubated for 1 h at room temperature. After washing five times, spots were developed by adding 100 μl AEC solution. The spots were counted using an ELISPOT Reader System.
Intracytoplasmic cytokine staining and flow cytometric analysis. To detect E7-specific CD8
+ T cell precursors and E7-specific CD4
+ T-helper cell responses, plenocytes from vaccinated groups of mice were incubated either with the MHC class I E7 peptide (amino acids 49-57) or the MHC class II E7 peptide (amino acids 30-67, NDSSEEEDEDGP AGQAEPDRAHT NIVTFC). Golgistop (BD PharMingen) was added 6 h before harvesting the cells from the culture. Cells were then washed once in staining buffer and labeled with FITC-conjugated rat anti-mouse CD8 or CD4 antibodies (BD PharMingen). Cells were subjected to intracellular cytokine staining using the Cytofix/Cytoperm kit according to the manufacturer's instructions (PharMingen). PE-conjugated anti-IFN-Á or anti-IL-4 antibodies and the FITC-conjugated rat IgG 2a,k or PE-conjugated at IgG 1 isotype control antibody were all purchased from PharMingen. Analyses was performed on a Beckman Coulter EPICS XL (Beckman Coulter Inc., Fullerton, CA, USA).
Anti-E7 ELISA. The anti-HPV16 E7 antibodies in the sera were identified by ELISA. Each well of a microwell plate was coated with 100 μl of 1 μg/ml bacteria-derived HPV16 E7 proteins and incubated at 4˚C overnight. The wells were then blocked with PBS containing 5% BSA. Sera were prepared from the mice on day 10 post-immunization, serially diluted in PBS added to the ELISA wells and incubated on RT for 2 h. After washing with PBS-T containing 0.05% Tween-20, the plate was incubated with 1:3000 dilution of a HRP-conjugated goat anti-mouse IgG antibody (Zhongshan Goldenbridge Biotechnology, Beijing, China) at room temperature for 1 h. The plate was washed five times, developed with O-phenylenediamine away from light at 37˚C for 15 min and stopped with 50 μl of 2 M H 2 SO 4 . The ELISA plate was read with a standard ELISA reader at 490 nm.
In vivo tumor protection experiments. For the tumor protection experiment, C57BL/6 mice (seven per group) were vaccinated via i.m. injections with 1 μg of pVR1012-SigmE7/MtHSP70, pVR1012-SigmE7/HuHSP70, or 100 μl NS, as described above. One week later, the mice were boosted with the same regimen as the first vaccination. One week after the last vaccination, mice were challenged s.c. with 7.5xl0 4 TC-1 tumor cells per mouse in the right flank and then monitored twice a week for tumor growth.
In vivo tumor treatment experiments.
To test the ability of DNA vaccination to inhibit the growth of established tumors, C57BL/6 mice (seven per group) were s.c. challenged with 7.5xl0 4 TC-1 tumor cells per mouse in the right flank. Three days after the challenge with TC-1 tumor cells, mice were given 1 μg of pVR1012-SigmE7/Mt/HSP70, pVR1012-SigmE7/HuHSP70, or 100 μl NS. One week later, these mice were boosted with the same regimen as the first vaccination. Mice were monitored twice a week for tumor growth.
Data analyses. ELISPOT and FACS data were analyzed using mean of two sample comparison of poisson distribution. ELISA data were analyzed using the Student's t-test and tumor incidence data were analyzed by the Fisher Exact Probabilities in a 2x2 table. Values of P<0.05 were considered statistically significant.
Results

Detection of fusion proteins secreted from DNA vaccine plasmids.
After 48 h of transfection with pVR1012-SigmE7/ MtHSP70 and pVR1012-SigmE7/HuHSP70, COS-7 cells and supernatants were harvested, lysed and analyzed by Western blot analysis with the polyclonal rabbit anti-human HPV16 E7 antibody. The relative molecular weights of the mE7/MtHSP70 and mE7/HuHSP70 fusion proteins expressed in the cell lysates and culture supernatants were confirmed to be 85 kDa and 100 kDa, respectively, according to their theoretical molecular weights (Fig. 1A and B) . ß-actin was detected in cell lysates at all three groups as the internal loading control (Fig. 1A) . The ratio of mE7/MtHSP70 or mE7/HuHSP70 vs. ß-actin was 1.12 and 1.26 in cell lysates as determined by gray scale scanning analysis from a gel imaging system (Fig. 1C) . Using the same conditions, the ratio of mE7/MtHSP70 or mE7/HuHSP70 vs. ß-actin was 0.75 and 0.73 in culture supernatants (Fig. 1C) . No specific target proteins were expressed in cell lysates and culture supernatants from mock pVR1012-transfected COS-7 cells. These results suggested that while these two constructs had the same expression level both in cell lysates and culture supernatants, the expression level of mE7/MtHSP70 and mE7/HuHSP70 proteins in cell lysates were higher than corresponding proteins in culture supernatants.
SigmE7/HuHSP70 fusion DNA vaccines induced higher levels of antigen-specific CD8
+ T cells than SigmE7/MtHSP70. Since CTLs have been known to play a critical role in tumor immunity, we examined E7-specific CD8 + T cell precursor frequency after DNA vaccination by ELISPOT assays and intracellular cytokine stains. Based on the previous study in our lab, we have determined that mice vaccinated with empty pVR1012 vector vaccine and NS show no difference in ability to elicit anti-tumor immunity. Therefore, we chose to use only NS as a negative control. Two weeks after the second ONCOLOGY REPORTS 22: 953-961, 2009 immunization, splenocytes were harvested and stimulated with E7-specific MHC class I CTL epitope. In ELISPOT assays, as shown in Fig. 2A and B, 660 IFN-Á spot-forming CD8 + T cells specific for the E7 peptide were detected per 5x10 5 splenocytes derived from the SigmE7/HuHSP70DNA vaccinated mice, compared to only 100 of the that derived from the SigmE7/MtHSP70 DNA-vaccinated mice. Therefore, the numbers of IFN-Á-producing CD8 + T cells in the splenocytes from mice immunized with the SigmE7/HuHSP70 fusion DNA were greater than five times that from mice with the SigmE7/MtHSP70 fusion DNA (P<0.01). Results of the intracellular cytokine staining and flow cytometric analysis (Fig. 3A) correlated with the ELISPOT results presented in 
DNA vaccines. No significant levels of CD4
+ /IL-4 + doublepositive cells could be identified in the mice that received SigmE7/HuHSP70, SigmE7/MtHSP70 and NS (Fig. 3C) . From these two assays, we determined that both SigmE7/HuHSP70 and SigmE7/MtHSP70 do not activate E7-specific Th1 and Th2 cell responses.
Neither SigmE7/HuHSP70 nor SigmE7/MtHSP70 fusion DNA vaccines induced E7-specific antibodies. The quantity of anti-HPV16 E7 antibodies in the sera of the vaccinated mice was determined by ELISA 10 days after the last vaccination. No anti-E7-specific antibodies could be detected in the sera of mice of any vaccinated group (Fig. 4) . This result suggested that the modifications of these two DNA vaccines did not enhance antibody responses. were challenged s.c. in the right flank with 7.5x10 4 TC-1 cells 7 days after the last vaccination. For the mice receiving vaccination, 100% of those receiving SigmE7/HuHSP70 DNA vaccination remained tumor-free 55 days after the TC-1 challenge, whereas only 86% of mice receiving SigmE7/ MtHSP70 DNA vaccination remained tumor-free. In contrast, all of the mice receiving NS developed a tumor growth on 12 days after the tumor challenge (Fig. 5) . Taken together, these results indicated that both SigmE7/HuHSP70 and SigmE7/MtHSP70 fusion DNA could significantly enhance immunity against the growth of TC-1 tumors. A higher percentage of mice vaccinated with the SigmE7/HuHSP70 fusion DNA were tumor-free than mice vaccinated with SigmE7/MtHSP70 fusion DNA.
SigmE7/HuHSP70 fusion DNA vaccines eradicated tumors in vivo.
To test the therapeutic effect of the DNA vaccines in eradicating established TC-1 tumors, we first inoculated mice s.c. in the right flank with 7.5x10 4 TC-1 tumor cells and then vaccinated them i.m. on days 3 and 10. As shown in Fig. 6 , the TC-1 tumor was eliminated from 100% of mice receiving the SigmE7/HuHSP70 fusion DNA vaccination. However, some of the mice receiving SigmE7/MtHSP70 fusion DNA vaccination developed a tumor growth on day 14 and 20, respectively after the tumor challenge and the TC-1 tumor was eliminated only from 71% of these mice. In contrast, all of the mice receiving NS developed a tumor growth on day 14 after the tumor challenge. There was a statistically significant difference in the therapeutic effect of TC-1 tumor between SigmE7/HuHSP70 and SigmE7/MtHSP70 DNA vaccinated group (P<0.01). In summary, these results showed that while vaccination with both SigmE7/HuHSP70 and SigmE7/MtHSP70 fusion DNA could eradicate previously inoculated E7-expressing tumors in mice, the SigmE7/ HuHSP70 DNA resulted in eradication of all the established E7-expressing tumors and induced stronger anti-tumor activity in vivo.
Discussion
Results of this study showed that SigmE7/HuHSP70 and SigmE7/MtHSP70 can produce relatively strong CD8 + T cell response and anti-tumor effects. CD4 + T cells expressing IFN-Á or IL-4 and E7-specific antibody were not detected in the two vaccines tested in this study, indicating that Th1 and Th2 mediated cellular immunity and B cell mediated humoral immunity likely did not play primary roles in anti-tumor effect with these DNA vaccines. The above results also showed that the anti-tumor effects of these two DNA vaccines mainly depended on E7-specific CD8 + T cell responses and may not depend on the assistance of CD4 + T cells. Currently, the mechanism of CD4 + T cell-independent CD8 + T cell function is not well defined. Studies by Garza et al and Kyburz et al showed naive T cells can be activated by specific peptides independent of CD4 + T cell (20, 21) . In the study by Wang et al and Harmala et al (22, 23) , the transgenic mice which were absent of CD4 + T cells produced LCMVgp33-specific TCR expressing CD8 + T cells when transfected with LCMVgp33-specific TCR gene P14. Their study showed that TCR-Tg CD8 + T cell can be activated by LCMV without the assistance of CD4 + T cells. A possible explanation is that these cells can generate 'self-help' by secreting certain cytokines and produce immune responses independent of CD4 + T cells. Endogenous IL-2 also probably plays an important role in this process. It has been indicated in other studies that antigen-HSP70 fusion genes generated specific CD8 + T cells responses that can be independent of CD4 + T cell help (24, 25) . Possible mechanisms of HSP70 enhancement of CD4 + T cell-independent CD8 + T cell response is activation of DC to release proinflammatory cytokines and the intrinsic molecular chaperone function of HSP70. As a cytoplasmic protein, HSP70 plays an important role, not only in the process of protein folding, transport and degradation, but also in participating in directing more efficient antigen presentation to CD8 + T cells through the MHC-I pathway (26-28). Huang et al showed HSP70 might activate APC and promote their maturation of directly and indirectly through a mechanism similar to viruses. Activated APC can produce proinflammatory cytokines, which can activate CD8 + T cells efficiently independent of CD4 + T cell help (29) . Liu et al (30) showed fusion proteins composed of HPV16 E7 and mycobacterium tuberculosis HSP65 can induce not only E7-specific CD8 + T cell responses, but also produce and maintain memory CD8 + T cell responses independently of CD4 + T cells. Additionally, Chen et al demonstrated that depletion of CD4 + T cell did not decrease the anti-tumor immunity generated by E7-HSP70 DNA vaccine in antibody depletion experiments in vivo (24) .
Because of the relatively weak immunogenicity of DNA vaccines and because the number of precursor and activated CD4 + T cells are much less than those of CD8 + T cells, we could not detect them. Before antigen exposure, the frequency of naive T cells is typically 1 in 10 5 to 10 6 lymphocytes; after antigen exposure, the numbers of T cells specific for that antigen may increase to ~1 in 10 for CD8 + T cell and 1 in 100 to 1000 for CD4 + T cell. The numbers rapidly decline when antigen is eliminated and after the immune response subsides, the surviving memory cells specific for the antigen is ~1 in 10 4 . Thus, the current technology used in this study may not reach this level of sensitivity. It has been suggested that, although E7-specific CD4 + T cells could not be detected in mice immunized by HPV16 E7/HSP70 DNA vaccine, it was possible that HSP70-specific CD4 + T cells may be produced to promote the activation and proliferation of CD8 + T cells (31, 32) .
This study showed that human HSP70 can produce stronger E7-specific CD8 + T cell responses and anti-tumor effects than mycobacterium tuberculosis HSP70. Some investigators have hypothesized that MtHSP70 derived from bacteria would have the intrinsic 'danger signal' function of heat shock protein.
One might believe that MtHSP70 would generate stronger immune responses than HuHSP70, because it would also be considered an allogenous protein due to specific epitopes originating from bacteria. Signal receptors participating in 'danger signals' mainly include TLR2, TLR4, and CD40 (33) . Innate immunity can be activated after combining these receptors and HSP70, resulting mainly in up-regulation of expression of pro-inflammatory factors and co-stimulatory molecules. Some studies have shown immuno-enhancement of HuHSP70 and MtHSP70 mainly depending on crosspresentation of peptide-specific MHC-I in HSP70/peptide compound, which is related to the molecular chaperone functions of HSP70 (34) . Homologous proteins derived from different species have differences in amino acid sequence, which result in differences in recognition and conjugation ability. When HuHSP70 is introduced into the human body as a homologous protein, affinity to HSP70 receptors on DC may be higher than MtHSP70 from bacteria because of naturally increased affinity to the receptors than those of MtHSP70. Even very low concentrations of HuHSP70 protein that can efficiently bind with the HSP70 receptor would significantly improve the molecular chaperone functions to enhance antigen cross-presentation and subsequent CD8 + T cell activation. Studies in mice by Li et al showed that homologous HSP70 from mice generated greater anti-tumor effects than allogenous mycobacterium tuberculosis HSP70. They presumed that a possible reason is that production of HSP70 antibody generated by mycobacterium tuberculosis HSP70 prevented the APC from recognizing the fusion protein of antigen and MtHSP70 (35) . Some studies have also shown that mycobacterium tuberculosis HSP70 may initiate the induction and proliferation of regulatory T cells (e.g. CD4 + CD25 + T cells) with immunosuppressive functions which would weaken the antigen-specific immune response generated by a DNA vaccine (36, 37) .
Many researchers anticipate that HSP70 can be used as an adjuvant to enhance immunogenicity of tumor therapeutic DNA vaccines. However, the safety of these types of vaccines should be considered not only in terms related to routine DNA vaccines, but also in terms of the potential risk of the adjuvant itself in humans. A concern of DNA vaccines is that they can potentially integrate into the host genome, leading to inactivation of anti-oncogenes or activation of protooncogenes and accordingly result in malignant transformation of host cells. Fortunately, this kind of integration frequency is far lower than spontaneous mutation of host genes, and would not pose a real risk (38) . HPV16 E7 is a viral transformed gene and its DNA vaccine can produce HPV16 E7 onco-proteins in hosts, which can inactivate the tumor suppressor protein pRB (39) . Therefore, E7 is potentially carcinogenic. Studies have found that the transformation activity of E7 can be eliminated if of the amino acid locus in two zinc finger binding areas and the pRB binding area of E7 are mutated, or the E7 gene is cut or rearranged of E7 (40) (41) (42) (43) . In early studies from our group, the wild-type E7 gene was optimized by using many strategies, including gene cutting and rearrangement, codon optimization and amino acid site-specific mutagenesis to obtain the mE7 gene. ONCOLOGY REPORTS 22: 953-961, 2009 Although all HSP70s derived from different species could enhance the immunogenicity of DNA vaccines, concern still remains regarding the use of allogenous HSP70 for vaccine formulations in the clinic due to its potential toxicities. Because MtHSP70 is derived from bacteria, potential risk in future clinical applications remain. Amino acid structure, sequence and function of HSP70 are highly conserved between prokaryotes and eukaryotes. Homology of HSP70 is >70% in different biological species. Therefore, these HSP70 proteins may generate many common epitopes, which may evoke cross immune responses, even leading to autoimmune disease (44) . Because MtHSP70 comes from bacteria, it will be recognized as an external antigen after entering the human body and induce the production of crossreactive T cells aimed directly at MtHSP70. Homology of MtHSP70 and HuHSP70 is relatively high and they have many common epitopes. Therefore, it is likely that cross-reactive T cells specific for MtHSP70 can also identify HuHSP70, potentially causing development of autoimmune disease. On the other hand, the likelihood of HuHSP70 causing autoimmune disease in humans is significantly decreased. Steinhoff et al (18) and Zugel and Kaufmann (19) , showed that after being immunized by mycobacterium tuberculosis HSP70, autoimmune disease can be induced in mice, manifested mainly by autoimmune enteritis in the small intestine. A report by Sinha et al (45) showed that autoreactive T cells, that likely escaped from the thymic selective process, circulate in healthy people. Because these autoreactive cells are few in quantity or restricted by regulatory mechanisms, they usually remain dormant without harmful effects in the body. However, when receiving continuous stimulation with external antigens having high similarity epitopes (e.g. common epitopes of self HSP70 and HSP70 from bacteria) with a human self antigen, silent autoreactive T cells are likely to be activated. We conclude from the analysis above that using human HSP70 instead of mycobacterium tuberculosis HSP70 in a DNA vaccine can significantly decrease the risk of autoimmune disease resulting from activation of autoreactive T cells.
In summary, we tested a therapeutic HPV16 DNA vaccine that is capable of generating significantly high levels of antigen-specific anti-tumor effects with a high safety profile. Our observations may serve as an important foundation and significant reference for future clinical applications.
